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Domain-Specific Languages Gain Adoption DSL
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A Shared Ecosystem for Exascale DSLs D SL
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Application domains, numerical methods
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Multi-level Intermediate Representations (MLIR)
OpenMP permit Composable Abstractions
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2010

GCC Microsoft Visual C++

ARM C/C++
Intel ICC

LLVM clang
PathScale C/C++

IBM XL C/C++

HP C++
PGI C++

2023

GCC

LLVM clang



Compiler Pipelines
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Compiler Pipelines

Intermediate Representations (IRs)
are the central abstractions in a
compiler.

%0 = load %ptr
%1 = load %ptr2
%2 = add %0, %1
store %2, %ptr3
br bb2

C/C++

ARM
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Compiler Pipelines
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Compiler Pipelines
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Polly Loops, LinAlg, Tensor Contractions

DSL Pipelines for Al ...
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Semantic Bottleneck

C++

LLVM IR
presents a
semantic
bottleneck

Backend

CPUs
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How to build a Modern High-Level Compiler IR

Domain

Custom-IR

> LLVM-IR

Knowledge

Parser

Printer

LLVM-IR

Syntax Pass-Manager — Re-Implemented

Dead Code Elim

LLVM’s
Data Structures

Peephole Opts

—



How to build a Modern High-Level Compiler IR

Can we avoid this cost?




Building a Modern Compiler IR — using MLIR

Domain

Knowledge

LLVM’s
Data Structures

<>

MLIR Dialect

Parser
Printer
Pass-Manager

Dead Code Elim

Peephole Opts

—> LLVM-IR

Auto-generated
-— Or
Reused

—
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MLIR: A Growing Number of IR Abstractions

Operations
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Traditional Compilation

C++

New: Multi-Level Rewriting

C++

\

Python DSL D Optimize std::vector

OpenMP-IR
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Defining an IR: Easy or Painful?

C++ Template Meta Programming

TableGen _ LLVM Terminology
Build Systems

q?

-~

e 2,
13:-
W

Compiler Experts: Everybody Else:
Defining IRs in MLIR is easy! Defining IRs in MLIR is confusing!
vs. gcc, LLVM backends, ... vs. Python, Domain-Specific Languages, ...
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Experiment
An SQL Dialect in MLIR

r internship
Teaching 100s of students in 12 weeks
compiler design with MLIR? late student

AL IR
Impossible!

)‘\‘ We spent most of our summer:

3

*ﬁf - Teaching TableGen

'

oo
4
#

- Fixing Windows Bugs
- ... but no time for SQL dialect

¥
0
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Core
Concepts
Peephole rewrites

Dialects as abstractions

Blocks and Regions
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https://xdsl.dev

XDSL: a Sidekick to MLIR

w e MLIR core concepts in Python
, r—e1 %
—m | L—p- .
- ¢ ' _‘ e Translation of programs from/to MLIR
5 5 ®-
Analysis ‘ ‘ . .
Results l u e Translation of dialects from/to MLIR
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https://github.com/xdslproject/xdsl/

XxDSL is quick to install (and use?)

Install time | Laptop (i5 U 4-Core)

1h
10m A
1m A
10s A
1s A
MLIR
Debug

MLIR
Release

Install size
10GB -
1GB -
100MB A
10MB -
1MB -

xDSL

MLIR
Debug

i

pip install xdsl

MLIR
Release

iii <
iii

Download size
1GB A

100MB A

10MB A

1MB -
xDSL MLIR

MLIR

xDSL

(history) (no-history)

@_
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Teaching Compilers in Python

4
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Coursework: A Python to RISC-V Compiler

CW1 (30%) CW2 (30%) CW3 (40%)
Parsing Semantic Analysis Code Generation
[ ChocoPy } [ AST } [ IR } [ RISC-V }

™M
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Prototyping New Compiler Features

@
@
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architecture

Modern CPUs offer a complex u

27

Die shot by Fritzchens Fritz, Annotation from AMD Zen 2 slides at ISSCC



Linear Algebra does not require complex p-architecture

Die shot by Fritzchens Fritz, Annotation from AMD Zen 2 slides at ISSCC
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Compute is a Power-Bound Problem

Three Mile Island nuclear reactor to
restart to power Microsoft Al operations

Pennsylvania plant was site of most serious nuclear
meltdown and radiation leak in US history in 1979
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Snitch Cores Shift Complexity from Hardware to Software

2 RISC -/
SutOFOrderFxecution === Streaming Registers
BranehPrediction E:E O Hardware Loops
Hareware-managed-Cache Scratchpad Memory
Seatar-trstraetions - Packed SIMD

Perfect Fit for Linear Algebra Workloads
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How to utilize the Snitch ISA extensions

ISA Extensions: Standard
0.28 FLOP/instruction

double precision
inner product calculation
in RISC-\/\ assembly

.loop: K

fld fa5, 0(al)
fld fa4, 0(a2)

32



How to utilize the Snitch ISA extensions

elided ISA Extensions: Standard
Standard 0.28 FLOP/instruction
ISA
instructions

double precision
inner product calculation

in RISC-V assembly added SSR configuration

.loop: K

f1ld fas, @Cat) |
fld fa4, 0(a2)

bnez a0, .loop

adding SSRs

ISA Extensions: +SSR
0.66 FLOP/instruction

scfgw
,-- enable SSRs
scfgw ,

’
7
’

csrsi  ssrcfg, 1«

elided explicit memory loads with SSRs

_______________________________

elided pointer arithmetic with SSRs

addi a0, a0, -1
bnez a0, .loop
csrsi  ssrcfg, 0 <----- disable SSRs
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How to utilize the Snitch ISA extensions

elided ISA Extensions: Standard : ISA Extensions: +SSR ISA Extensions: +SSR 3,19,
. . ng FREP . .
Standard 0.28 FLOP/instruction adding SSRs 0.66 FLOP/instruction adding 2 FLOP/instruction
ISA
instructions
double precision . scfgw .- enable SSRs scfegw
inner product calculation . scfgw - scfgw
i - dded SSR fi ti « . e :
in RISC Kf’fsembly adde contiguration csrsi  ssrcfg, 1+« csrsi  ssrcfg, 1
.loop: T 2 100P: -~ - ooesfrep.o a0, 1, 0, 0
fld  fa5, 0(al) . g . o
14 fad o(a2) [T » elided explicit memory loads with SSRs ,,' loop replaced by frep instruction
fmadd.d fa0, fa5, fad, fa0 fmadd.d fa0, fte, ft1, fae,  / fmadd.d fa0, fto, ft1, fao
addi a2, a2, 8 /! .
addi al al. 8 (TS > elided pointer arithmetic with SSRs / v
. ’ ’ . ,/l multiply and accumulate
addi a0, ae, -1 addi a0, a0, -1 Pt floating-point instruction preserved
bnez a0, .loop bnez a0, .loop
csrsi  ssrcfg, 0 <----- disable SSRs csrsi  ssrcfg, 0
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How to really utilize the Snitch ISA extensions

const uint32 t m = 8, n = 16;
snrt_ssr_loop_2d(SNRT_SSR_DM_ALL, m, n, sizeof(double) * n, sizeof(double));
snrt_ssr_read(SNRT_SSR DM@, SNRT_SSR 2D, x); // fto

snrt_ssr_read(SNRT_SSR_DM1, SNRT_SSR 2D, vy); // ft1l
snrt_ssr_write(SNRT_SSR _DM2, SNRT_SSR 2D, z); // ft2

snrt_ssr_enable(); o extensive use of intrinsics
for (int 1 = 0; 1 < m; ++1i) {
for (int j = 0; j < n; +3j) {
asm volatile("fadd.d ft2, fto, fti\n" : : : "fto", "ft1", "ft2", "memory");
}
} a inline assembly

snrt_ssr_disable();
35



How do we target such accelerators?

Current Approaches

sidestepping the compiler

DSLs/
Tuned
Libraries

- -

LLVM IR
presents a
semantic
bottleneck
Backend
CPUs Accelerators
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How do we target such accelerators?

Current Approaches

LLVM
Ecosystem

MLIR

N\

Backend

CPUs

sidestepping the compiler

DSLs/
Tuned
Libraries

LLVM IR
presents a
semantic
bottleneck

Accelerators
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A Multi-Level Compiler Backend

Our Approach

High-Level
DSLs

A

target-agnostic

xdsl.dev

Accelerator
Abstractions

generic P

Target
ISA

Y

target-specific

CPUs + Accelerators

> accelerator

Accelerator
Extensions

38


https://xdsl.dev/

xdsl.dev

A Multi-Level Compiler Backend
. Existing

. Ours .
linalg target-agnostic
Register Allocation
stream

generic < > accelerator

Y
target-specific riscv
snitch

riscv
func

riscv
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https://xdsl.dev/

A Multi-Level Compiler Backend
. Existing . Ours

Register Allocation

generic <

target-agnostic

A

riscv

—=

Y

target-specific

xdsl.dev

accelerator
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https://xdsl.dev/

scf+arith dialects

%CO = arith.constant © : index
%c128 = arith.constant 128 : index
%Ccl = arith.constant 1 : index

scf.for %argd = %cO to %cl28 step %cl {
%x = memref.load %argl[%argd] : memref<128xf64>

oX
<
I

memref.load %arg2[%argd] : memref<128xf64>

%z = arith.addf %x, %y : f64
memref.store %z, %arg3[%argd] : memref<128xf64>
}



riscv dialects

%CO
%Cc1024
%C8

riscv_scf.for %argd :

yyal
%X

riscv.li @ : lriscv.reg<>
riscv.1li 1024 : !riscv.reg<>
riscv.li 8 : lriscv.reg<>

Iriscv.reg<> = %CO to %cle24 step %c8 {

riscv.add %argo, %argd : lriscv.reg<>

riscv.flw %xi, © :

riscv.fadd.d %x, %y :

Iriscv.freg<>

Iriscv.freg<>
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Evaluation

® OQOurs Clang ¥ MLIR
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Evaluation ® Ours Clang ¥ MLIR
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How do we distribute across clusters?

L1

Snitch

Core
1

Peripherals

Snitch Cluster

Hive

Shared
Mul/Div
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View over the Memory Hierarchy

micro 4=

inher

general
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Quidditch Compiler

Quidditch

Kernels

Neural
Network

github.com/opencompl/quidditch

Binary
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Workgroup Tiling

Workgroup Tiling

Hive
TCDM
Snitch o
. Mul/Div

1

Peripherals

Snitch Cluster .o
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Tiling across the Memory Hierarchy

Workgroup Tiling L1 Tiling

L1 (128KB) m
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Tiling across the Memory Hierarchy

Workgroup Tiling L1 Tiling

Core Tiling
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NsNet2 on a Snitch Cluster (8 cores)

Runtime in ms Quidditch W |REE LLVM

15.0

14 A
12 A

10 -
22X
speedup

0.67

NsNet2



NN Compilers for Custom HW Accelerators

‘ Progressively tailored abstractions can maximize concurrency
and utilization of custom accelerators

‘ Efficient memory management leveraging hierarchy
characteristics and constraints
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4 xDsL a0 g

[J README &3 License /7 =

CI - Python-based Testing 'passing § pypi package 0.23.0 § downloads 387k
downloads/week 21k codecov = 90%

xDSL: A Python-native SSA
Compiler Framework

xDSL is a Python-native compiler framework built around SSA-based
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GitHub Stars
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